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We study the CMB lensing signature of a pre-inationary particle (PIP), assuming it is responsible 
for the giant rings anomaly that was found recently in the WMAP data. Simulating Planck-like 
data we find that generically the CMB lensing signal to noise ratio associated with such a PIP is 
quite small and it would be difficult to cross correlate the temperature giant rings with the CMB 
lensing signal. However, if the pre-inationary particle is also responsible for the bulk flow, that 
happens to point roughly at the same direction as the giant rings, then the CMB lensing signal to 
noise ratio is fairly significant, > 2a. 
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Recently a new anomaly was added to the list of 
large scales anomalies (for a review of large scale 
anomalies see 0, Sand references within) - giant 
rings in the CMB While the statistical signif- 
icance of this novel anomaly is moderate, about 
3cr, it is fascinating for two reasons. First, such 
rings are a distinct imprint of the model of a PIP 
B 3 (it is this model that motivated the search 
for the giant rings). Second, the rings appear to 
be correlated with another large scale anomaly - 
the large bulk flow reported in [^-Q. Within the 
error of measurement they point at the same di- 
rection, which according to [J] is the origin of the 
giant structure seeded by the PIP. 

In this note we assume that a PIP is indeed re- 
sponsible for the giant rings and study its CMB 
lensing signal. We start with a brief description of 
the PIP. As shown in 0, [ic| the effect of a PIP is 
to generate the following gravitational potential 



where 



$pip(A;) 
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where e is the slow roll parameter, A = dm/ d<j) — 
my/Tj2 (with <fi being the inflaton field and m the 
mass of the PIP) and, as usual, the potential is 
evaluated at horizon crossing. 

For constant A (and n s = 1) we find (using 
COBE normalization) a simple potential RS R. func- 
tion of the distance from the PIP 



$Pip(r,z = 0) = AClog(r), 
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which is easy to work with. There is, however, 
no reason why A should be constant. Theoreti- 
cally we know that in the stringy model of inflation 
that initiated this investigation fll| A is not a con- 
stant. In addition, experimentally we know that 
([2]) does not produce giant rings with the exact 
profile found in the WMAP data. Despite the fact 
that we do not know the exact form of ^pip, we 
do know that generically it is quite different than a 
typical ACDM potential: its range is much larger 
as it varies slowly with distance, and it is invariant 
under rotation. This is the reason why regardless 
of the exact form of ^pip a distinct imprint of a 
PIP is the existence of giant rings. 

When considering the CMB weak lensing sig- 
nal of a PIP we encounter a similar challenge. Wc 
should find an estimator that is as sensitive as pos- 
sible to the CMB lensing effect of the PIP just by 
knowing its general properties but without know- 
ing its exact profile. The fact that $pip varies 
slowly implies that, much like in the temperature 
case of Q , the CMB lensing signal of the PIP is not 
located solely in the small patch of the sky around 
its location, but rather it is spread over the en- 
tire sky. Hence CMB lensing signal to noise (S/N) 
calculations of the type done in [T^-EBl that are 
relevant for anomalously large localized structures 
are irrelevant in our case. This also means that 
SPT and ACT are not useful in facing this chal- 
lenge, and our best hope to find the PIP's lensing 
effect is in the Planck data soon to be available. 

Since WL by a spherically symmetric structure 
deflects light in a radial way, one expects that in 
the presence of a single anomalous lens, on average, 
the radial component of the temperature gradient 



FIG. 1: A random realization of a CMB temperature map which follows ACDM-statistics and further lensed by 
a PIP, and with the KQ85 mask suepr-imposed. Even though the effect of WL is unobservable to the naked eye, 
the direction no which maximizes the estimator ([5]) is in the direction of the PIP, i.e. (276°,— 1°). Here one 
can also see the ingredients of the estimator. The magenta circles define the ring Aa with inner and outer radii 
5°, and 40° respectively, the red arrows are the unit vectors iii pointing from each pixel-center to the direction 
no, and the black arrows are the unit vectors VTi pointing in the direction of the gradient at each pixel. The 
normalization factor Ma is the number of pixels which lie within the ring Aa (and which are outside the mask, in 
case the mask is applied). The subtractad average value (s(n)) is not shown in this figure. 



will be more pronounced than the tangential com- 
ponent. This suggests the following estimator 



S(n) = Y, 

{i\iii£A A } 
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where VX^ is the unit vector pointing at the direc- 
tion of the temperature gradient at the pixel i, 
is the unit vector (on the surface of the 2-sphere) 
which points from the center of the pixel i in the 
direction of the point n on the sphere, A n is a ring 
around the direction n and Ma is a normalization 
factor counting the number of pixels around the di- 
rection n which are within the ring An (see Fig.[T]). 

In our analysis we take the inner and outer radii 
of the ring Ah to be 5°, and 40° respectively. The 
reason for the inner radius is to avoid the weak 
lensing effect of localized large structures like a cos- 
mic void fl2rll5| . The reason for the outer radius is 
to maximze the effectiveness of our estimator with 
regard to the detection of a PIP. 

This score is still not in a usable form, since due 
to discretization the gradient map is discontinuous. 
Moreover, it depends on the shape of the pixels. It 
turns out that this dependence is dominant over 
the effect we wish to measure. Therefore we must 
subtract at each point an average value which is 



characteristic of both the specific point and of the 
shape of the pixels. We thus correct the estimator 
([4]) by this subtraction 
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In order to determine the characteristic score at 
each point s(n) we generate random maps and 
evaluate (@| ■ We then average these maps to yield 
the desired s(n). 

Now that we have an estimator we can check 
how effective it is in finding a PIP in a Planck-like 
data. We lens randomly generated ACDM maps by 
a PIP and see how often the maximum of our esti- 
mator points at the direction of the PIP. To do that 
we need to know <&pip, which, due to the reasons 
mentioned above, we do not. Without knowing 
X(k) it is not feasible to go over all the parameter 
space associated with <!>pip. To be able to pro- 
ceed we must narrow down this parameter space. 
Despite the fact that we do not expect ([5]) to be 
the correct profile, we use it to parameterize <I>pip. 
The reason is simply that it is easy to work with 
^ and that our estimator is sensitive only to gen- 
eral properties of ^pip and not to its exact form. 
In this parametrization there are two parameters, 
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FIG. 2: The calibration of the coupling A of the PIP 
so it would explain both the giant rings and the bulk 
flow anomalies simultaneously. The blue line is the A 
needed to yield a detection of the rings score with the 
same significance as reported in 0], while the green 
region is the A which would account for a bulk flow of 
340 ± 110 km/s. The intersection of these, the bulk 
flow region, zoomed in in the small figure, centered 
around ~ 5600 Mpc/h is the region we later use for 
WL simulations. 



the PIP's location r$ and A. 

If indeed a PIP is responsible for the giant rings 
then we can use the results of @, H| to estimate the 
relation between A and r$. The statistical signifi- 
cance of the giant rings is about 3<7, hence for each 
ro we can fix A RS (ro) by demanding that the rings 
score, defined in [3|, identifies correctly the PIP's 
direction with the same ~ 3er significance. A (ro) 
is plotted in Fig. [2J The steep rise in A (ro) 
around 4500 Mpc/h is due to the cancellation be- 
tween the Sachs- Wolfe and integrated Sachs- Wolfe 
effects induced by the PIP 

Due to the above calibration we are left with a 
single parameter, ro. The range of ro is constrained 
by the bulk flow induced by the PIP. The reason is 
that the difference between the bulk flow induced 
by the PIP and the observed bulk flow cannot be 
larger than the rms bulk flow in ACDM. There is a 
lively discussion on the magnitude of the observed 
bulk flow and whether it is anomalously large or 
not 0-11, [U, [l7j|. The range of the observed bulk 
flow we take is quite wide so it fits with most recent 
claims, 340 ± 110 km/s. Imposing that the PIP 
induces a bulk flow in this range defines A BF (ro) 
which is plotted in Fig. [2] We see that the region 
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FIG. 3: An example of the score map (10 3 5 , (h)) 
obtained by the estimator ((5]l for a single realiza- 
tion of the CMB following ACDM statistics, and for 
three cases: (top to bottom) no PIP at all, PIP at 
5600 Mpc/h away from us with A = 207 and full sky, 
and the same PIP with KQ85 mask, all with the same 
colorbar. 



ro < 5400 Mpc/h (that corresponds to z ~ 4.5) is 
excluded since A is larger than A BF which means 
that the bulk flow induced by a PIP that generates 
the giant rings is too large to be consistent with 
observations. 

The region 5400 < r h/Mpc < 6100 is of par- 
ticular interest. A PIP located in this region will 
induce both the bulk flow and the giant rings which 
are expected to be nearly aligned (as both point to- 
wards the PIP). It is interesting to note that while 
there is a debate about the magnitude of the bulk 
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FIG. 4: Confidence level (in terms of standard devia- 
tions) as a function of the distance of the PIP from us 
and with A calibrated according to Fig. [2] both for the 
case of no foreground contamination (blue), and for 
the situation of a masked sky (here KQ85). The red 
region (dashed lines) is forbidden, as the PIP would in- 
duce a bulk flow which exceeds the observed one, and 
the green region is the flow region. 

flow, as far as we know, all authors agree about 
the direction. Interestingly enough this direction 
is nearly aligned with that of the giant rings Q. 
We refer to the 5400 < r$ h/Mpc < 6100 range 
as the bulk flow range. A PIP located at larger 
distances, ro > 6100 Mpc/h, that induces the gi- 
ant rings will induce a smaller bulk flow than the 
observed one. 

Fig. [3] illustrates how the estimator works for 
a single randomly generated ACDM-like map. We 
use A sido = 1024 and take 2 < I < 2000 which 
is similar to the resolution of Planck. In the top 
panel we show the S(p) map (with inner and outer 
ring radii 5° , 40° respectively, as discussed above) 



associated with a random ACDM map. The S(h) 
map associated with the same random which is fur- 
ther lensed by a PIP located at ro = 5600 Mpc/h 
(at the direction of the giant rings (276°,— 1°)) is 
shown in the middle panel with no mask and in 
the bottom panel with the KQ85 mask. As ex- 
pected the full sky map has a sharper peak than 
the masked sky. 

This indicates that the estimator works as it 
should. What remains to be done is to repeat this 
simulation many times and determine the CMB 
lensing S/N as a function of r . Fig. 2] presents 
the outcome of this process. The confidence level 
(in terms of standard deviations) for the detection 
of a PIP with A calibrated as discussed above via 
CMB weak lensing is shown as a function of its 
distance from us. 

We see that in the bulk flow region the CMB 
lensing is fairly high even with the mask, S/N > 2, 
whereas for larger ro it drops. We expect this to be 
true regardless of the exact profile $pip(r). This 
implies that if a PIP is responsible both for the 
giant rings and for the bulk flow then we should 
be able to further test the model with CMB weak 
lensing. However if the giant rings are generated 
by the PIP and the bulk flow is not, then it is 
unlikely that its CMB lensing signal is detectable. 
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